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(54) APPARATUS AND METHOD FOR MICROWAVE PLASMA TREATMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus 
and a method for microwave plasma treatment wherein 
uniform plasma density is attained on the surfaces of 
substrates and efficient plasma treatment is performed 
with reliability and stability. 

SOLUTION: A dielectric window which has an annular 
sleeve on the periphery thereof and wherein the surface 
shape and the thickness of the central portion thereof 
are adjusted in plane is used for a dielectric window 
placed directly above the surface of a substrate. This 
in-plane adjustment is made by forming stepped portions 
by forming projected portions in areas of the dielectric 
window corresponding to a specified range of the radius 
in the substrate, or forming recessed portions in areas 
corresponding to the projected portions on the surface 
opposite the surface on which the projected portions are 
formed. The thickness of the portions of the dielectric 
window subjected to the in-plane adjustment is approx. 
1/4 of the wavelength of microwaves in the dielectric, 

and the portions subjected to the in-plane adjustment are discontinuously formed in the 
direction of the radius of the dielectric window with a diameter equivalent to an integral multiple 
of 1/2 the wavelength. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, The dielectric window for microwave transparency prepared in the wall 
surface of this processing container, and the antenna means formed in the microwave installation 
side of this dielectric window, In the microwave plasma treatment equipment constituted so that 
it may have the microwave generating means formed in the upstream of this antenna means, this 
dielectric window may be countered and a substrate may be installed in this processing 
container This dielectric window prepared in right above on this front face of a substrate is 
microwave plasma treatment equipment characterized by having the ring-like sleeve so that a 
plasma excitation field may not contact the surface of metal of a direct-processing vessel wall 
at the periphery section of the field by the side of the processing container. 
[Claim 2] The dielectric window prepared in right above on said front face of a substrate is 
microwave plasma treatment equipment according to claim 1 characterized by adjusting the 
shape of surface type and thickness of the center section in a field, and being further 
constituted so that it may have the thickness in which the field corresponding to the 
predetermined range of the radius in this substrate differed from other fields. 
[Claim 3] The dielectric window prepared in right above on said front face of a substrate 
Furthermore, it sets to one field of the field by the side of the processing container, and the 
fields by the side of microwave installation. [ whether it is constituted so that heights may be 
prepared in the field corresponding to the predetermined range of the radius in this substrate 
and the thickness of the field corresponding to the predetermined range of the radius in this 
substrate may become thicker than the thickness of other fields, and ] Or microwave plasma 
treatment equipment according to claim 1 characterized by establishing a crevice in this field 
corresponding to heights of a field and the field of an opposite hand in which these heights were 
prepared, and being constituted so that the thickness of the prepared field of these heights and 
a crevice may become the same as the thickness of other fields. 

[Claim 4] Microwave plasma treatment equipment according to claim 1 characterized by 
preparing a concentric circular level difference in the dielectric window prepared in right above 
on said front face of a substrate, making it the distance from this substrate front face to the 
front face of this dielectric window change with range of the radius in a substrate, and making it 
the consistency of the plasma to generate become homogeneity on this substrate. 
[Claim 5] Microwave plasma treatment equipment according to claim 4 characterized by 
preparing discontinuously the concentric circular level difference of the dielectric window 
prepared in right above on said front face of a substrate for the diameter of 1/2 wave of integral 
multiple in the direction of a path of this dielectric window. 

[Claim 6] Microwave plasma treatment equipment according to claim 2 to 5 which has the field 
where the dielectric window prepared in right above on said front face of a substrate has the 
thickness from which the center section differed, the field which has heights, and the field which 
has a concentric circular level difference, and is characterized by the thickness of the field being 
about [ of the wavelength of the microwave in a dielectric ] 1/4. 
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[Claim 7] The material gas for exciting the plasma with a gas supply means is supplied in a 
microwave plasma treatment container. Exhaust a raw material and reaction secondary 
generation gas with an exhaust air pump, and the inside of a container is made reduced pressure. 
Introduce into an antenna means the microwave made to oscillate and amplify with a microwave 
generating means, and it emanates through a slot. The emitted microwave is introduced into this 
processing container under a vacuum ambient atmosphere through a microwave transparency 
aperture. As this dielectric window that generated the plasma, consisted of carrying out 
microwave plasma treatment of the substrate which countered this dielectric window and was 
formed, and was prepared in the processing container by the electromagnetic field which this 
microwave makes right above on this front face of a substrate So that a plasma excitation field 
may not contact the surface of metal of a direct-processing vessel wall at the periphery section 
of the field by the side of the processing container Have the ring-like sleeve and the shape of 
surface type and thickness of the center section are further adjusted in a field. [ whether it is 
constituted so that it may have the thickness in which the field corresponding to the 
predetermined range of the radius in this substrate differed from other fields, and ] Or it sets to 
one field of the field by the side of the processing container, and the fields by the side of 
microwave installation. [ whether it is constituted so that heights may be prepared in the field 
corresponding to the predetermined range of the radius in this substrate and the thickness of 
the field corresponding to the predetermined range of the radius in this substrate may become 
thicker than the thickness of other fields, and ] Or a crevice is established in this field 
corresponding to heights of a field and the field of an opposite hand in which these heights were 
prepared. The microwave plasma treatment approach characterized by performing plasma 
treatment using plasma treatment equipment equipped with the dielectric window constituted so 
that the thickness of the prepared field of these heights and a crevice may become the same as 
the thickness of other fields. 

[Claim 8] The microwave plasma treatment approach according to claim 7 characterized by 
performing plasma treatment as the consistency of the plasma to generate becomes 
homogeneity on a substrate using plasma treatment equipment equipped with the dielectric 
window which prepared the concentric circular level difference discontinuously for the diameter 
of 1/2 wave of integral multiple in the direction of a path of this dielectric window as said 
dielectric window. 

[Claim 9] The microwave plasma treatment approach according to claim 7 or 8 characterized by 
performing plasma treatment using plasma treatment equipment equipped with the dielectric 
window which has the field which has the thickness from which the center section differed as 
said dielectric window, the field which has heights, and the field which has a concentric circular 
level difference, and made thickness of the field about [ of the wavelength of the microwave in a 
dielectric ] 1/4. 

[Claim 10] The frequency of the microwave which said gas pressure in said processing container 
is 0.1 Pa - lOOOPa. and is impressed to an electrode is the microwave plasma treatment 
approach according to claim 7 to 9 characterized by being 2GHz - 1 0GHz. 



[Translation done.] 
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DETAILED DESCFUPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the microwave plasma-treatment equipment 
which is microwave plasma-treatment equipment which has the microwave installation aperture 
of the large power flux density of 0.5 W/cm2 - 20 W/cm2 especially, and can perform 
improvement and refining of membrane formation, etching, and a film presentation, and ashing to 
the substrate which is a processed material in semi-conductor LSI production, and the plasma- 
treatment approach using this equipment with respect to the plasma-treatment approach of 
using microwave-excitation plasma-treatment equipment (microwave plasma-treatment 
equipment being called hereafter.) and this equipment. 
[0002] 

[Description of the Prior Art] In recent years, as for micro processing of a wafer, sheet 
processing is in use with diameter[ of macrostomia ]-izing of detailedHzing of the device in 
Semi-conductor LSI, and a wafer. In the plasma treatment of CVD in it. etching, or ashing, the 
source of the plasma of DC or high-frequency excitation is used. Moreover, ECR (electron 
cyclotron resonance) is used in the source of the plasma using microwave. In the case of the 
plasma excited by the RF or ECR as mentioned above, it was difficult to generate the uniform 
plasma with the diameter of macrostomia the top to be impressed [ of a magnetic field ] in order 
to generate the plasma of high density. Moreover, since plasma potential was as high as about 
20eV, sputtering of the chamber wall was carried out, and there was also a problem that metal 
contamination occurs, or it gave a damage further to a substrate with lOeV or more since the 
ion irradiation energy to a floating substrate is also high. 

[0003] Then, using antenna means, such as a radial line slot antenna (RLSA is called hereafter.), 
microwave is introduced into a vacuum ambient atmosphere through a dielectric from a slot, and 
the method which generates the surface wave plasma is developed by making strong microwave 
electric field. For example, the method which changed the thickness of a dielectric window 
continuously is indicated by JP,2000-294548,A. By this method, since circularly-polarized-wave 
microwave is emitted with the slot pattern of an antenna, the uniform plasma is generable with 
the diameter of macrostomia, and since the frequency is high, the plasma of low temperature and 
high density can be generated, and it is supposed that good plasma treatment will be realizable 
at high speed. 
[0004] 

[Problem(s) to be Solved by the Invention] Although microwave spreads waveguide by a certain 
specific mode, and it emanates from an antenna means, and microwave electric field are made 
and the plasma is formed by it in a vacuum housing with the conventional technique given 
[ said ] in JP,2000-294548,A, if the plasma becomes high density, microwave will be reflected on 
a plasma front face at the same time energy-absorbing happens, and it will generate between the 
antenna front faces and the plasma excitation sections into which many and unspecified modes 
inserted the dielectric. Thus, the thickness of a dielectric window is changed continuously, and 
when using what made the field by the side of a plasma treatment room the shape of a drill, 
there is a problem in the stability in the mode etc. 
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[0005] This reflected wave is divided into the mode which decreases between an antenna front 
face and the plasma excitation sections as a cavity resonator, and the mode amplified. However, 
if this reflected wave interferes with the introduced microwave and declines, power supply to the 
plasma will not be stabilized but the plasma will become instability. Consequently, stopped the 
reflected wave by the tuner, and it did not go out or auto matching always shook greatly, and 
there was also a problem that the plasma blinked. 

[0006] Moreover, microwave has the inclination which power concentrates on the part, so that a 
part with the plasma becomes low impedance, since the frequency is high. Furthermore, although 
the condition of surface wave mode having been formed in the direction of a path, and much 
modes having also combined this, and being stabilized most was taken, when the balance of a 
plasma impedance collapsed by aging, there was a problem that a mode jump was started and 
the repeatability of plasma distribution could not be taken. Moreover, it is greatly dependent also 
on a process pressure, and this surface wave mode has the phenomenon in which plasma density 
distribution is reversed in a center section and the periphery section, with low voltage (about 5- 
1 0OPa) and high voltage (1 OOPa-). 

[0007] The technical problem of this invention is to solve the problem of the above-mentioned 
conventional technique, can obtain a uniform plasma consistency on a substrate front face, and 
is to offer the microwave plasma treatment equipment which can perform reliable and extremely 
stable efficient plasma treatment, and the art using this equipment. 
[0008] 

[Means for Solving the Problem] The microwave excitation plasma treatment equipment of this 
invention The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, The dielectric window for microwave transparency prepared in the wall 
surface of this processing container, and the antenna means formed in the microwave installation 
side of this dielectric window. In the microwave plasma treatment equipment constituted so that 
it may have the microwave generating means formed in the upstream of this antenna means, this 
dielectric window may be countered and a substrate may be installed in this processing 
container This dielectric window prepared in right above on this front face of a substrate has the 
ring-like sleeve so that a plasma excitation field may not contact the surface of metal of a 
direct-processing vessel wall at the periphery section of the field by the side of the processing 
container. 

[0009] In the microwave excitation plasma treatment equipment of this invention, it is desirable 
that the shape of surface type and thickness of the center section are adjusted in a field, and 
the dielectric window prepared in right above on the front face of a substrate is further 
constituted so that it may have the thickness in which the field corresponding to the 
predetermined range of the radius in this substrate differed from other fields. A dielectric window 
is set again to one field of the field by the side of the processing container, and the fields by the 
side of microwave installation. [ whether it is constituted so that heights may be prepared in the 
field corresponding to the predetermined range of the radius in this substrate and the thickness 
of the field corresponding to the predetermined range of the radius in this substrate may become 
thicker than the thickness of other fields, and ] Or it is desirable to establish a crevice in this 
field corresponding to heights of a field and the field of an opposite hand in which these heights 
were prepared, and to be constituted so that the thickness of the prepared field of these heights 
and a crevice may become the same as the thickness of other fields. In the above-mentioned 
processor, it is desirable to prepare a concentric circular level difference in a dielectric window, 
to make it the distance from a substrate front face to the front face of a dielectric window 
change with range of the radius in a substrate, and to make it the consistency of the plasma to 
generate become homogeneity on a substrate. 

[0010] It is desirable that the concentric circular level difference of the above-mentioned 
dielectric window is discontinuously prepared in the direction of a path of this dielectric window 
for the diameter of 1/2 wave of integral multiple. Moreover, it has the field where a dielectric 
window has the thickness from which the center section differed, the field which has heights, and 
the field which has a concentric circular level difference, and it is desirable that the thickness of 
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the field is about [ of the wavelength of the microwave in a dielectric ] 1/4. According to the 
microwave plasma treatment equipment of this invention, it is possible to introduce the 
microwave of large power flux density using the dielectric window of the diameter of 
macrostomia, for example, the dielectric window which has the diameter of 250mm or more, or 
has the area more than a circle and an EQC with a diameter of 250mm. 

[0011] The microwave plasma treatment approach of this invention supplies the material gas for 
exciting the plasma with a gas supply means in a microwave plasma treatment container Exhaust 
a raw material and reaction secondary generation gas with an exhaust air pump, and the inside of 
a container is made reduced pressure. Introduce into an antenna means the microwave made to 
oscillate and amplify with a microwave generating means, and it emanates through a slot. The 
emitted microwave is introduced into this processing container under a vacuum ambient 
atmosphere through a microwave transparency aperture. Plasma treatment is carried out using 
plasma treatment equipment equipped with the dielectric window constituted as the plasma was 
generated in a processing container, and it consisted of carrying out microwave plasma 
treatment of the substrate which countered this dielectric window and was formed and having 
been described above by the electromagnetic field which this microwave makes. The gas 
pressure in the above-mentioned processing container is 0.1 Pa - lOOOPa, and, as for the 
frequency of the microwave impressed to an electrode, it is desirable that it is 2GHz - 10GHz. 
Gas pressure is less than 0.1 Pa, and if it exceeds lOOOPa. discharge starting and maintenance 
will become difficult. Moreover, the plasma consistency of the request by a frequency being less 
than 2GHz is not obtained, but if it exceeds 10GHz, the facility for power amplification will 
become large-scale, and also difficulty is in the handling. 

[0012] According to this invention, in microwave plasma treatment equipment, as described 
above, adjust the shape of surface type and thickness of a dielectric window in a field, and the 
microwave to supply and a reflected wave by forming the field amplified within a resonator, and 
the field which is not so Since generating of a mode jump can be controlled with restricting the 
surface-wave mode which is made to concentrate power on the field amplified efficiently, and is 
stabilized in space, a reliable and extremely stable efficient process can be performed. Moreover, 
the plasma reaches whether it is small from the front face of a dielectric window, and on the 
substrate which is excited in the field distant in several mm with, and counters by diffusion. 
Attenuation of the plasma consistency by this diffusion is proportional to square of 't^'i^'^^'i^ 
distance. By distinguishing between the configuration of a dielectric window so that the dielectric 
part corresponding to the field where a plasma consistency is low may be brought close to a 
substrate side, a uniform plasma consistency can be obtained on a substrate front face. 
[0013] 

[Embodiment of the Invention] Hereafter, the microwave plasma treatment equipment concerning 
the gestalt of operation of this invention is explained with reference to drawing 1 , and 2, 5 and 6. 
Drawing 1 is the sectional view showing the configuration of the outline of equipment equipped 
with the microwave transparency aperture which has a ring-like sleeve in the periphery section 
as the first embodiment of this invention in the microwave plasma treatment equipment for 
semi-conductor substrates which used RLSA. 

[0014] In drawing 1 , a processing container for 101 to perform plasma treatment and 102 A 
coaxial waveguide converter and an antenna means. The slot to which 103 emits microwave, and 
104 The dielectric window for microwave transparency, The plasma formed in the substrate 
upper part of microwave electric field in order that 105 might perform etching and membrane 
formation. The magnetron to which 106 oscillates microwave, and 107 An isolator, 108 a 
waveguide and 110 for 4E tuner and 109 The supply means of the gas for plasma formation. The 
pressure regulating valve to which 1 1 1 adjusts an exhaust air pump and 1 1 2 adjusts the pressure 
in a container 101, An RF generator for the substrate with which 1 13 is carried out in plasma 
treatment, the electrode with which 1 14 holds a substrate, and 1 15 to impress a RF to the 
substrate electrode 114 and a substrate 1 1 3 if needed, and 116 are the adjustment machines for 
taking impedance adjustment of a RF. The ring-like sleeve 1 17 is formed in the part which is 
separated from the periphery section of a dielectric window 104, i.e.. a center section, so that a 
plasma excitation field may not contact the surface of metal of a direct-processing vessel wall. 
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[0015] The outline about the plasma treatment approach hereafter performed using the 
equipment shown in drawing 1 is explained. The gas for exciting the plasma 105 with the gas 
supply means 110 is supplied in the processing container 101. the exhaust air pump 111 is 
operated, a raw material and reaction secondary generation gas are exhausted, the inside of the 
processing container 101 is made reduced pressure, and a pressure regulating valve 112 adjusts 
the process pressure in the processing container 101. The microwave oscillated and amplified by 
the magnetron 106 is introduced into an antenna 102 through the 4E tuner 108. and is emitted 
from a slot 103. Although a reflected wave is returned to the processing container 101 side by 
the 4E tuner 108 at this time, about the reflected wave which cannot be adjusted, it absorbed 
with the isolator 107. and has prevented returning to a magnetron 106. The microwave emitted 
from the slot 103 is introduced inside the processing container 101 under a vacuum ambient 
atmosphere through a dielectric window 104, and forms the plasma 105 in the processing 
container 101 by the electromagnetic field which this microwave makes. 
[0016] If the consistency of the formed plasma 105 exceeds the cut-off consistency of 
microwave near the dielectric window 104. the trespass length of microwave will become several 
mm, a part of energy will be absorbed by the plasma 105 in the range of several mm in the 
plasma, and the remainder will be reflected. Although the density distribution of the generated 
plasma 105 can be adjusted to homogeneity at a flat surface depending on a slot pattern, it 
depends for it also on the pressure in the processing container 101 at that time, or the 
configuration of a dielectric window 104 greatly. Thus, by diffusion, the generated plasma 105 can 
reach to a substrate 113, and can perform desired plasma treatment to a substrate 113. 
[0017] Drawing 2 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of an antenna means as the second embodiment of this invention in the configuration of the 
microwave plasma treatment equipment for semi-conductor substrates which used RLSA. In this 
equipment, in the field of a concentric circle, i.e., the field from the core of a circular dielectric 
window to the predetermined equal distance, heights (diameter: D2) are prepared in the front 
face by the side of atmospheric air (microwave installation side) as a dielectric window 204 which 
constitutes the introductory aperture of microwave, and the dielectric window which changed the 
thickness of that part is used. Other configurations are the same configurations as what is 
shown in drawing 1 , and especially about the sign in drawing, unless it refuses, the same sign as 
drawing 1 shows the same configuration, 

[0018] The dielectric window 204 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 50mm, in the field of the range (D2) to phi= 95mm, the 
atmospheric-air side of a dielectric window 204 is used as a convex type, and thickness for the 
convex part is set to 60mm. For example, the thickness of the field where the radius of a 
substrate is located in right above [ of it ] in the field of the range (D2X1/2) from 0mm to 
47.5mm is set to 60mm, and. as for the thickness of the dielectric window in right above [ of a 
diameter (Dw)200mm silicon substrate ], the thickness in other fields is set to 50mm. 
[001 9] Drawing 5 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of the processing container 101 as the third embodiment of this invention in the 
configuration of the microwave plasma treatment equipment for semi-conductor substrates 
which used RLSA. In this equipment, as a dielectric window 504 which constitutes the 
introductory aperture of microwave, heights (diameter D5) are prepared in the front face by the 
side of a vacuum at reverse, and the dielectric window which changed the thickness of that part 
is used with the case of drawing 2 in the field of a concentric circle, i.e.. the field from the core 
of a dielectric window to the predetermined equal distance. Other configurations are the same 
configurations as what is shown in drawing 1 , and especially about the sign in drawing, unless it 
refuses, the same sign as drawing 1 shows the same configuration. 

[0020] The dielectric window 504 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 44mm, the vacuum side of a dielectric window 504 is 
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used as a convex type in the field of the range (D5) to phi= 60mm. and thickness for the convex 
part is set to 60mm. For example, the thickness of the field where the radius of a substrate is 
located in right above [ of it ] in the field of the range (D5X1/2) from 0mm to 30mm is set to 
60mm, and. as for the thickness of the dielectric window in right above [ of a diameter (Dw) 
200mm silicon substrate ]. the thickness in other fields is set to 44mm. Moreover, in the field 
(D5X1/2) from 0mm to 30mm. the radius of a substrate sets distance (L52) from a substrate to 
a dielectric plate to 40mm. and has set the distance (L51) to 56mm in other fields. 
[0021] Drawing 6 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of the processing container 101, and established the crevice in the field corresponding to 
these heights in the field by the side of atmospheric air as the fourth embodiment of this 
invention in the configuration of the microwave plasma treatment equipment for semi-conductor 
substrates which used RLSA. In this equipment, it is processed so that a crevice may be 
established in the front face by the side of microwave installation on the front face by the side 
of heights and a vacuum as a dielectric window 604 which constitutes the introductory aperture 
of microwave in the field of a concentric circle, i.e., the field from the core of a dielectric window 
to the predetermined equal distance, and the dielectric window constituted so that the thickness 
of the dielectric window itself might turn into the same thickness in every field is used. Other 
configurations are the same configurations as what is shown in drawing 1 , and especially about 
the sign in drawing, unless it refuses, the same sign as drawing 1 shows the same configuration. 
[0022] The dielectric window 604 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 50mm, the vacuum side of a dielectric window 604 is 
made into a concave in the field of the range (D6) to phi= 60mm. Diameter (Dw) from a substrate 
613 about the distance to the dielectric window in right above [ of a 200mm substrate ] The 
radius of a substrate sets the distance (L62) to 65mm in the field of the range (D6) from 0mm to 
30mm. and has set the distance (L61) to 60mm in other fields. Although the pressure in the 
above-mentioned plasma treatment container changes with process conditions, generally it can 
acquire desired effectiveness in the range of 5Pa - lOOOPa. As for the distance (L1 1, L21. L51, 
L52, L61, L62) of the underside of a dielectric window, and the top face of a substrate, it is 
desirable to make it the range of 30mm - 1 20mm generally with relation, such as a plasma 
consistency, an oxidation rate, and thickness distribution homogeneity. 

[0023] As described above, when changing the thickness of a dielectric window within the limits 
of predetermined, it is desirable to make the thickness into about lambdag of the wavelength 
(lambdag) of the microwave in a dielectric / 4. Since field strength of microwave is ****(ed) 
according to the situation of the standing wave which exists there, if a center section is the 
optimal thickness, in the thin periphery section, a plasma consistency will become low. This is 
because field strength does not necessarily become strong in the thin part only by making 
thickness of a dielectric window thin selectively. Therefore, the thing [ as / in this invention ] 
which the thickness of a center section is specified and is established for the level difference of 
lambdag/4 of the wavelength of the microwave in a dielectric is effective. Even if arranged in the 
shape of [ of a concentric circle ] a ring, the range which gives the range or level difference 
which changes the thickness of a dielectric window was distributed suitably, and may be 
arranged. 

[0024] In order to choose suitably from within the limits of 2GHz - 10GHz the frequency of the 
microwave supplied in order to generate the plasma of high density generally and to make it the 
plasma consistency [ directly under ] of a dielectric window reach the cut-off consistency of 
microwave, it is good to choose charge power from within the limits of 1 W/ cm2 - 5 W/ cm2 
suitably preferably to the area under a dielectric window, and to perform a process. Although it 
changes as process gas with each processes, such as formation of deposition film (an insulator 
layer, the semi-conductor film, metal membrane, etc.), formation of the thin films (a silicon 
system semi-conductor thin film, a silicon compound system thin film, a metal thin film, metallic- 
compounds thin film, etc.) by the CVD method, etching on the front face of a substrate, ashing 
clearance of the organic component on a substrate front face, oxidation treatment on the front 
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face of a substrate, and cleaning of the organic substance on the front face of a substrate, 
various well-known gas can be chosen suitably and can be used. For example, what is necessary 
is just to introduce one or more kinds of well-known gas more than a total of 8.5 XI 0-2 Pa- 
m3/sec at least into a process. 

[0025] What is necessary is just to choose it from within the limits of -40 degrees C - 600 
degrees C suitably generally, although the support stage temperature of a substrate changes 
with each processes, such as etching and membrane formation. Especially the substrate made 
into a processing object is not restricted, for example, not only a semi-conductor substrate but 
a glass substrate, a plastic plate, an AITIC substrate, etc. can be used for it. As a dielectric 
which constitutes the introductory aperture of microwave, a mechanical strength is enough, and 
especially if dielectric loss is a very small ingredient so that the permeability of microwave may 
become sufficiently high, it will not be restricted, for example, a quartz, an alumina (sapphire), 
alumimium nitride, silicon nitride, a carbon fluoride polymer, etc. can be used. 
[0026] 

[Example] Hereafter, the example of this invention is further explained to a detail with reference 
to a drawing. 

(Example 1) Kr/02 plasma is generated using the equipment of this invention shown in drawing 1 
and drawing 2 , and measurement of the thickness of the oxide film of the processing wafer after 
oxidizing a silicon substrate directly is explained. Oxidation treatment of a silicon substrate which 
first is performed using the equipment shown in drawing 1 is explained. After installing the 
dielectric window 104 in the introductory aperture of microwave and setting a silicon substrate 
1 13 in the vacuum processing container 101, microwave was outputted from the magnetron 106, 
the plasma was generated on condition that the following, and the thickness of the oxide film of 
the silicon substrate 113 after plasma oxidation was measured by the ellipsometer. 
[0027] As a dielectric window 1 04, the quartz plate (a dielectric constant 3.8, dielectric loss 
<1.0X10-4@2.45GHz) with a diameter [ of 380mm (vacuum-housing side: 350mm) ] and a 
thickness of 50mm was installed, microwave — frequency: — 2.45GHz — output: — it was 
referred to as 2.5kW (about 2.6W/cm 2), hot plate temperature was maintained at 400 degrees C, 
distance between the top face of a silicon substrate 113 and the underside of a dielectric 
window 104 (L11) was set to 60mm, and plasma treatment was performed, without impressing 
high frequency bias to the silicon substrate 1 13 on the substrate electrode 114. As gas for 
plasma excitation, 1.7X10-2 Pa-m3/sec supply of 0.5 Pa-m3/sec and 02 was carried out for Kr, 
by the pressure regulating valve 1 12, the pressure in the processing container 101 was adjusted 
to 133Pa, it discharged for 10 minutes, and plasma oxidation processing of a wafer was 
performed. Moreover, plasma treatment was performed on the same conditions as the above 
except having adjusted the pressure in the processing container 101 to 80Pa by the pressure 
regulating valve 112. 

[0028] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular mostly. The average thickness of the direction of a path is shown in 
drawing 3 . In the case of 80Pa, the periphery section on a substrate has thickness thicker than 
a center section, and drawing 3 shows that the oxidation rate of a center section is quicker in 
the case of 133Pa to a thing with a quick oxidation rate. 

[0029] Next, using the equipment shown in drawing 2 , on the same conditions as the case of the 
equipment shown in drawing 1 , plasma oxidation processing of the silicon substrate 213 was 
carried out, and the thickness of an oxide film (oxidation silicone film) was measured by the 
ellipsometer. Consequently, distribution of the thickness of the silicon oxide formed on the 
substrate became concentric circular with homogeneity mostly. The average thickness of the 
direction of a path is shown in drawing 4 . It turns out that that difference is small about this 
result although the oxidation rate of thickness distribution of the oxide film in 80Pa to the 
periphery section is still quicker than a center section as compared with drawing 3 , and 
distribution homogeneity is improved. Moreover, on the whole, the formation rate of an oxide film 
is quick. While the power of microwave comes to be efficiently supplied to the plasma by 
changing the configuration of a dielectric window from this, it turns out that distribution 
homogeneity is improving. Also in 1 33Pa, on the whole, the oxidation rate is quick, and it can say 
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• that it is the same as that of the case where it is 80Pa. 

[0030] (Example 2) Kr/02 plasma is generated using the equipment shown in drawing 5 . and 
measurement of the thickness of the oxide film of the processing wafer after oxidizing a silicon 
substrate directly is explained. On the same conditions as the case of the equipment shown in 
drawing 1 indicated in the example 1. plasma oxidation processing of the silicon substrate 513 
was carried out and the thickness of an oxide film was measured by the ellipsometer. 
[0031] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular with homogeneity mostly. The average thickness of the direction of a 
path is shown in drawing 7 . This result is known by that the oxidation rate is [ the center 
section ] quick rather than the periphery section at the case of thickness distribution of the 
oxide film in BOPa to drawing 3 , and reverse as compared with drawing 3 . This is because the 
consistency of the plasma to which the radius of a silicon substrate reaches a substrate in the 
range from 0mm to 30mm since the distance (L52) to a dielectric window (plasma production 
field) is short is higher than other range (distance: L51). Therefore, the distribution homogeneity 
of thickness is improvable by the membrane formation rate in the field rising by bringing the 
distance fi^om the dielectric window underside by the side of a vacuum to a substrate close for 
every field, and adjusting the distance. 

[0032] (Example 3) Kr/02 plasma is generated using the equipment shown in drawing 6 , and 
measurement of the thickness of the oxide film of the processing wafer after oxidizing a silicon 
substrate directly is explained. On the same conditions as the case of the equipment shown in 
drawing 1 indicated in the example 1. plasma oxidation processing of the silicon substrate 613 
was carried out, and the thickness of an oxide film was measured by the ellipsometer. 
[0033] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular with homogeneity mostly. The average thickness of the direction of a 
path is shown in drawing 8 . It turns out that it is improved in the direction in which the oxidation 
rate of a center section rises, and homogeneity is going up this result from thickness distribution 
of the oxide film in 80Pa as compared with drawing 3 . On the other hand, it is improved in the 
direction in which the oxidation rate of the periphery section rises conversely in 133Pa, and 
homogeneity is going up. Apparently, although this is contradictory to the result of the above- 
mentioned example, even if the dielectric window 104 ( drawing 1 ) of a flat-surface configuration 
is used for it in 133Pa high voltage conditions, it has the inclination which the plasma 
concentrates on a center section. However, like the result in an example 2, since it is far 5mm 
compared with the field (distance: L61) of others [ center section / substrate / distance / 
(L62) / to a dielectric window (plasma production field) ]. it becomes thinner than the range of 
others [ consistency / of the plasma which reaches a substrate ], and it is thought that 
distribution has been improved. On the contrary, although the plasma tends to spread in the low 
voltage of 80Pa since the plasma consistency is thin, the plasma production in a field concave by 
making into a concave a part of field which a surface wave generates increases, and it thinks 
because the stability coupled modes of microwave stopped being influenced easily due to the 
flow and pressure requirement. Therefore, the breadth of the plasma was stopped, and near 
distribution came to be acquired when it is high voltage conditions. 

[0034] As mentioned above, by performing concavo-convex processing to both sides of a 
dielectric window for every field, the power of microwave was intentionally centralized on this 
field, and generation of the homogeneous good plasma with little [ and ] pressure dependence 
was attained. Although plasma oxidation processing of the silicon substrate was carried out and 
the oxide film was formed in the above-mentioned example using drawing 1 and the microwave 
plasma treatment equipment shown in 2, 5, and 6, processes, such as an improvement and 
refining of membrane formation, etching, and a film presentation, and ashing, were able to be 
performed to the substrate which is a processed material in semi-conductor LSI production 
using well-known thin film formation gas, an etchant gas. ashing gas. etc. using the same plasma 
treatment equipment. 
[0035] 

[Effect of the Invention] As explained to the detail above, according to this invention, it sets to 
microwave plasma treatment equipment. Adjust the thickness of the shape of surface type of a 
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dielectric window, or a dielectric window in a field, and the microwave to supply and a reflected 
wave by forming the field amplified within a resonator, and the field which is not so Since power 
can be efficiently centralized on the field amplified, and since generating of a mode jump can be 
controlled with restricting the surface-wave mode stabilized in space, a reliable and extremely 
stable efficient process can be performed. Moreover, the plasma is excited in a less than several 
mm field from a dielectric window, and reaches on the substrate which counters by diffusion. 
Attenuation of the plasma consistency by this diffusion is proportional to square of **** 
distance. A uniform plasma consistency can be obtained on a substrate front face by giving a 
level difference so that a substrate side may be approached in the dielectric window of the field 
where a consistency is low. 
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- * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**3Mc shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the microwave plasma-treatment equipment 
which is microwave plasma-treatment equipment which has the microwave installation aperture 
of the large power flux density of 0.5 W/cm2 - 20 W/cm2 especially, and can perform 
improvement and refining of membrane formation, etching, and a film presentation, and ashing to 
the substrate which is a processed material in semi-conductor LSI production, and the plasma- 
treatment approach using this equipment with respect to the plasma-treatment approach of 
using microwave-excitation plasma-treatment equipment (microwave plasma-treatment 
equipment being called hereafter.) and this equipment. 
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JPO and NCI PI are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.3|aMc* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In recent years, as for micro processing of a wafer, sheet 
processing is in use with diameter[ of macrostomia ]-izing of detailed-izing of the device in 
Semi-conductor LSI, and a wafer. In the plasma treatment of GVD in it, etching, or ashing, the 
source of the plasma of DC or high-frequency excitation is used. Moreover, ECR (electron 
cyclotron resonance) is used in the source of the plasma using microwave. In the case of the 
plasma excited by the RF or ECR as mentioned above, it was difficult to generate the uniform 
plasma with the diameter of macrostomia the top to be impressed [ of a magnetic field ] in order 
to generate the plasma of high density. Moreover, since plasma potential was as high as about 
20eV, sputtering of the chamber wall was carried out, and there was also a problem that metal 
contamination occurs, or it gave a damage further to a substrate with 1 0eV or more since the 
ion irradiation energy to a floating substrate is also high. 

[0003] Then, using antenna means, such as a radial line slot antenna (RLSA is called hereafter), 
microwave is introduced into a vacuum ambient atmosphere through a dielectric from a slot, and 
the method which generates the surface wave plasma is developed by making strong microwave 
electric field. For example, the method which changed the thickness of a dielectric window 
continuously is indicated by JP,2000-294548A By this method, since circularly-polarized-wave 
microwave is emitted with the slot pattern of an antenna, the uniform plasma is generable with 
the diameter of macrostomia. and since the frequency is high, the plasma of low temperature and 
high density can be generated, and it is supposed that good plasma treatment will be realizable 
at high speed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained to the detail above, according to this invention, it sets to 
microwave plasma treatment equipment. Adjust the thickness of the shape of surface type of a 
dielectric window, or a dielectric window in a field, and the microwave to supply and a reflected 
wave by forming the field amplified within a resonator, and the field which is not so Since power 
can be efficiently centralized on the field amplified, and since generating of a mode jump can be 
controlled with restricting the surface-wave mode stabilized in space, a reliable and extremely 
stable efficient process can be performed. Moreover, the plasma is excited in a less than several 
mm field from a dielectric window, and reaches on the substrate which counters by diffusion. 
Attenuation of the plasma consistency by this diffusion is proportional to square of **** 
distance. A uniform plasma consistency can be obtained on a substrate fi^ont face by giving a 
level difference so that a substrate side may be approached in the dielectric window of the field 
where a consistency is low. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.:Me3Mc shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although microwave spreads waveguide by a certain 
specific mode, and it emanates from an antenna means, and microwave electric field are made 
and the plasma is formed by it in a vacuum housing with the conventional technique given 
[ said ] in JP.2000-294548,A, if the plasma becomes high density, microwave will be reflected on 
a plasma front face at the same time energy-absorbing happens, and it will generate between the 
antenna front faces and the plasma excitation sections into which many and unspecified modes 
inserted the dielectric. Thus, the thickness of a dielectric window is changed continuously, and 
when using what made the field by the side of a plasma treatment room the shape of a drill, 
there is a problem in the stability in the mode etc. 

[0005] This reflected wave is divided into the mode which decreases between an antenna front 
face and the plasma excitation sections as a cavity resonator, and the mode amplified. However, 
if this reflected wave interferes with the introduced microwave and declines, power supply to the 
plasma will not be stabilized but the plasma will become instability. Consequently, stopped the 
reflected wave by the tuner, and it did not go out. or auto matching always shook greatly, and 
there was also a problem that the plasma blinked. 

[0006] Moreover, microwave has the inclination which power concentrates on the part, so that a 
part with the plasma becomes low impedance, since the frequency is high. Furthermore, although 
the condition of surface wave mode having been formed in the direction of a path, and much 
modes having also combined this, and being stabilized most was taken, when the balance of a 
plasma impedance collapsed by aging, there was a problem that a mode jump was started and 
the repeatability of plasma distribution could not be taken. Moreover, it is greatly dependent also 
on a process pressure, and this surface wave mode has the phenomenon in which plasma density 
distribution is reversed in a center section and the periphery section, with low voltage (about 5- 
100Pa) and high voltage (lOOPa-). 

[0007] The technical problem of this invention is to solve the problem of the above-mentioned 
conventional technique, can obtain a uniform plasma consistency on a substrate front face, and 
is to offer the microwave plasma treatment equipment which can perform reliable and extremely 
stable efficient plasma treatment, and the art using this equipment. 
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MEANS 



[Means for Solving the Problem] The microwave excitation plasma treatment equipment of this 
invention The exhaust air means for decompressing the inside of a microwave plasma treatment 
container, and the gas supply means for supplying the gas for exciting the plasma in this 
processing container, The dielectric window for microwave transparency prepared in the wall 
surface of this processing container, and the antenna means formed in the microwave installation 
side of this dielectric window, In the microwave plasma treatment equipment constituted so that 
it may have the microwave generating means formed in the upstream of this antenna means, this 
dielectric window may be countered and a substrate may be installed in this processing 
container This dielectric window prepared in right above on this front face of a substrate has the 
ring-like sleeve so that a plasma excitation field may not contact the surface of metal of a 
direct-processing vessel wall at the periphery section of the field by the side of the processing 
container. 

[0009] In the microwave excitation plasma treatment equipment of this invention, it is desirable 
that the shape of surface type and thickness of the center section are adjusted in a field, and 
the dielectric window prepared in right above on the front face of a substrate is further 
constituted so that it may have the thickness in which the field corresponding to the 
predetermined range of the radius in this substrate differed from other fields. A dielectric window 
is set again to one field of the field by the side of the processing container, and the fields by the 
side of microwave installation. [ whether it is constituted so that heights may be prepared in the 
field corresponding to the predetermined range of the radius in this substrate and the thickness 
of the field corresponding to the predetermined range of the radius in this substrate may become 
thicker than the thickness of other fields, and ] Or it is desirable to establish a crevice in this 
field corresponding to heights of a field and the field of an opposite hand in which these heights 
were prepared, and to be constituted so that the thickness of the prepared field of these heights 
and a crevice may become the same as the thickness of other fields. In the above-mentioned 
processor, it is desirable to prepare a concentric circular level difference in a dielectric window, 
to make it the distance from a substrate front face to the front face of a dielectric window 
change with range of the radius in a substrate, and to make it the consistency of the plasma to 
generate become homogeneity on a substrate. 

[0010] It is desirable that the concentric circular level difference of the above-mentioned 
dielectric window is discontinuously prepared in the direction of a path of this dielectric window 
for the diameter of 1/2 wave of integral multiple. Moreover, it has the field where a dielectric 
window has the thickness from which the center section differed, the field which has heights, and 
the field which has a concentric circular level difference, and it is desirable that the thickness of 
the field is about [ of the wavelength of the microwave in a dielectric ] 1/4. According to the 
microwave plasma treatment equipment of this invention, it is possible to introduce the 
microwave of large power flux density using the dielectric window of the diameter of 
macrostomia, for example, the dielectric window which has the diameter of 250mm or more, or 
has the area more than a circle and an EQC with a diameter of 250mm. 

[0011] The microwave plasma treatment approach of this invention supplies the material gas for 
exciting the plasma with a gas supply means in a microwave plasma treatment container. Exhaust 
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a raw material and reaction secondary generation gas with an exhaust air pump, and the inside of 
a container is made reduced pressure. Introduce into an antenna means the microwave made to 
oscillate and amplify with a microwave generating means, and it emanates through a slot. The 
emitted microwave is introduced into this processing container under a vacuum ambient 
atmosphere through a microwave transparency aperture. Plasma treatment is carried out using 
plasma treatment equipment equipped with the dielectric window constituted as the plasma was 
generated in a processing container, and it consisted of carrying out microwave plasma 
treatment of the substrate which countered this dielectric window and was formed and having 
been described above by the electromagnetic field which this microwave makes. The gas 
pressure in the above-mentioned processing container is 0.1 Pa - lOOOPa, and, as for the 
frequency of the microwave impressed to an electrode, it is desirable that it is 2GHz - 10GHz. 
Gas pressure is less than 0.1 Pa, and if it exceeds lOOOPa, discharge starting and maintenance 
will become difficult. Moreover, the plasma consistency of the request by a frequency being less 
than 2GHz is not obtained, but if it exceeds 10GHz, the facility for power amplification will 
become large-scale, and also difficulty is in the handling. 

[0012] According to this invention, in microwave plasma treatment equipment, as described 
above, adjust the shape of surface type and thickness of a dielectric window in a field, and the 
microwave to supply and a reflected wave by forming the field amplified within a resonator, and 
the field which is not so Since generating of a mode jump can be controlled with restricting the 
surface-wave mode which is made to concentrate power on the field amplified efficiently, and is 
stabilized in space, a reliable and extremely stable efficient process can be performed. Moreover, 
the plasma reaches whether it is small from the front face of a dielectric window, and on the 
substrate which is excited in the field distant in several mm with, and counters by diffusion. 
Attenuation of the plasma consistency by this diffusion is proportional to square of **** 
distance. By distinguishing between the configuration of a dielectric window so that the dielectric 
part corresponding to the field where a plasma consistency is low may be brought close to a 
substrate side, a uniform plasma consistency can be obtained on a substrate front face. 
[0013] 

[Embodiment of the Invention] Hereafter, the microwave plasma treatment equipment concerning 
the gestalt of operation of this invention is explained with reference to drawing 1 , and 2. 5 and 6. 
Drawing 1 is the sectional view showing the configuration of the outline of equipment equipped 
with the microwave transparency aperture which has a ring-like sleeve in the periphery section 
as the first embodiment of this invention in the microwave plasma treatment equipment for 
semi-conductor substrates which used RLSA. 

[0014] In drawing 1 , a processing container for 101 to perform plasma treatment and 102 A 
coaxial waveguide converter and an antenna means. The slot to which 103 emits microwave, and 
104 The dielectric window for microwave transparency, The plasma formed in the substrate 
upper part of microwave electric field in order that 105 might perform etching and membrane 
formation, The magnetron to which 106 oscillates microwave, and 107 An isolator, 108 a 
waveguide and 1 10 for 4E tuner and 109 The supply means of the gas for plasma formation, The 
pressure regulating valve to which 1 1 1 adjusts an exhaust air pump and 112 adjusts the pressure 
in a container 101, An RF generator for the substrate with which 1 13 is carried out in plasma 
treatment, the electrode with which 114 holds a substrate, and 1 15 to impress a RF to the 
substrate electrode 1 14 and a substrate 1 13 if needed, and 1 16 are the adjustment machines for 
taking impedance adjustment of a RF. The ring-like sleeve 1 1 7 is formed in the part which is 
separated from the periphery section of a dielectric window 104, i.e., a center section, so that a 
plasma excitation field may not contact the surface of metal of a direct-processing vessel wall. 
[0015] The outline about the plasma treatment approach hereafter performed using the 
equipment shown in drawing 1 is explained. The gas for exciting the plasma 105 with the gas 
supply means 110 is supplied in the processing container 101. the exhaust air pump 11 1 is 
operated, a raw material and reaction secondary generation gas are exhausted, the inside of the 
processing container 101 is made reduced pressure, and a pressure regulating valve 112 adjusts 
the process pressure in the processing container 101. The microwave oscillated and amplified by 
the magnetron 106 is introduced into an antenna 102 through the 4E tuner 108. and is emitted 
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from a slot 103. Although a reflected wave is returned to the processing container 101 side by 
the 4E tuner 108 at this time, about the reflected wave which cannot be adjusted, it absorbed 
with the isolator 107. and has prevented returning to a magnetron 106. The microwave emitted 
from the slot 103 is introduced inside the processing container 101 under a vacuum ambient 
atmosphere through a dielectric window 104. and forms the plasma 105 in the processing 
container 101 by the electromagnetic field which this microwave makes. 
[0016] If the consistency of the formed plasma 105 exceeds the cut-off consistency of 
microwave near the dielectric window 104. the trespass length of microwave will become several 
mm. a part of energy will be absorbed by the plasma 105 in the range of several mm in the 
plasma, and the remainder will be reflected. Although the density distribution of the generated 
plasma 105 can be adjusted to homogeneity at a flat surface depending on a slot pattern, it 
depends for it also on the pressure in the processing container 101 at that time, or the 
configuration of a dielectric window 104 greatly. Thus, by diffusion, the generated plasma 105 can 
reach to a substrate 1 1 3, and can perform desired plasma treatment to a substrate 1 1 3. 
[0017] Drawing 2 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of an antenna means as the second embodiment of this invention in the configuration of the 
microwave plasma treatment equipment for semi-conductor substrates which used RLSA. In this 
equipment, in the field of a concentric circle, i.e.. the field from the core of a circular dielectric 
window to the predetermined equal distance, heights (diameter: D2) are prepared in the front 
face by the side of atmospheric air (microwave installation side) as a dielectric window 204 which 
constitutes the introductory aperture of microwave, and the dielectric window which changed the 
thickness of that part is used. Other configurations are the same configurations as what is 
shown in drawing 1 . and especially about the sign in drawing, unless it refuses, the same sign as 
drawing 1 shows the same configuration. 

[0018] The dielectric window 204 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 50mm. in the field of the range (D2) to phi= 95mm. the 
atmospheric-air side of a dielectric window 204 is used as a convex type, and thickness for the 
convex part is set to 60mm. For example, the thickness of the field where the radius of a 
substrate is located in right above [ of it ] in the field of the range (D2X1/2) from 0mm to 
47.5mm is set to 60mm, and, as for the thickness of the dielectric window in right above [ of a 
diameter (Dw)200mm silicon substrate ], the thickness in other fields is set to 50mm. 
[0019] Drawing 5 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of the processing container 101 as the third embodiment of this invention in the 
configuration of the microwave plasma treatment equipment for semi-conductor substrates 
which used RLSA. In this equipment, as a dielectric window 504 which constitutes the 
introductory aperture of microwave, heights (diameter D5) are prepared in the front face by the 
side of a vacuum at reverse, and the dielectric window which changed the thickness of that part 
is used with the case of drawing 2 in the field of a concentric circle, i.e., the field from the core 
of a dielectric window to the predetermined equal distance. Other configurations are the same 
configurations as what is shown in drawing 1 , and especially about the sign in drawing, unless it 
refuses, the same sign as drawing 1 shows the same configuration. 

[0020] The dielectric window 504 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 44mm, the vacuum side of a dielectric window 504 is 
used as a convex type in the field of the range (D5) to phi= 60mm. and thickness for the convex 
part is set to 60mm. For example, the thickness of the field where the radius of a substrate is 
located in right above [ of it ] in the field of the range (D5X1/2) from 0mm to 30mm is set to 
60mm, and, as for the thickness of the dielectric window in right above [ of a diameter (Dw) 
200mm silicon substrate ], the thickness in other fields is set to 44mm. Moreover, in the field 
(D5X1/2) from 0mm to 30mm. the radius of a substrate sets distance (L52) from a substrate to 
a dielectric plate to 40mm, and has set the distance (L51) to 56mm in other fields. 
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[0021] Drawing 6 is the sectional view showing the configuration of the outline of equipment 
equipped with the microwave transparency aperture which prepared heights in the field by the 
side of the processing container 101, and established the crevice in the field corresponding to 
these heights in the field by the side of atmospheric air as the fourth embodiment of this 
invention in the configuration of the microwave plasma treatment equipment for semi-conductor 
substrates which used RLSA. In this equipment, it is processed so that a crevice may be 
established in the front face by the side of microwave installation on the front face by the side 
of heights and a vacuum as a dielectric window 604 which constitutes the introductory aperture 
of microwave in the field of a concentric circle, i.e., the field from the core of a dielectric window 
to the predetermined equal distance, and the dielectric window constituted so that the thickness 
of the dielectric window itself might turn into the same thickness in every field is used. Other 
configurations are the same configurations as what is shown in drawing 1 , and especially about 
the sign in drawing, unless it refuses, the same sign as drawing 1 shows the same configuration. 
[0022] The dielectric window 604 which is an introductory aperture of microwave may be 
produced from the thing of the same construction material as a dielectric window 104. When 
using a quartz plate with a thickness of 50mm, the vacuum side of a dielectric window 604 is 
made into a concave in the field of the range (D6) to phi= 60mm. Diameter (Dw) from a substrate 
613 about the distance to the dielectric window in right above [ of a 200mm substrate ] The 
radius of a substrate sets the distance (L62) to 65mm in the field of the range (D6) from 0mm to 
30mm, and has set the distance (L61) to 60mm in other fields. Although the pressure in the 
above-mentioned plasma treatment container changes with process conditions, generally it can 
acquire desired effectiveness in the range of 5Pa - lOOOPa. As for the distance (L11. L21. L51. 
L52, L61. L62) of the underside of a dielectric window, and the top face of a substrate, it is 
desirable to make it the range of 30mm - 1 20mm generally with relation, such as a plasma 
consistency, an oxidation rate, and thickness distribution homogeneity. 

[0023] As described above, when changing the thickness of a dielectric window within the limits 
of predetermined, it is desirable to make the thickness into about lambdag of the wavelength 
(lambdag) of the microwave in a dielectric / 4. Since field strength of microwave is ****(ed) 
according to the situation of the standing wave which exists there, if a center section is the 
optimal thickness, in the thin periphery section, a plasma consistency will become low. This is 
because field strength does not necessarily become strong in the thin part only by making 
thickness of a dielectric window thin selectively. Therefore, the thing [ as / in this invention ] 
which the thickness of a center section is specified and is established for the level difference of 
lambdag/4 of the wavelength of the microwave in a dielectric is effective. Even if arranged in the 
shape of [ of a concentric circle ] a ring, the range which gives the range or level difference 
which changes the thickness of a dielectric window was distributed suitably, and may be 
arranged. 

[0024] In order to choose suitably from within the limits of 2GHz - lOGHz the frequency of the 
microwave supplied in order to generate the plasma of high density generally and to make it the 
plasma consistency [ directly under ] of a dielectric window reach the cut-off consistency of 
microwave, it is good to choose charge power from within the limits of 1 W/cm2 - 5 W/cm2 
suitably preferably to the area under a dielectric window, and to perform a process. Although it 
changes as process gas with each processes, such as formation of deposition film (an insulator 
layer, the semi-conductor film, metal membrane, etc.), formation of the thin films (a silicon 
system semi-conductor thin film, a silicon compound system thin film, a metal thin film, metallic- 
compounds thin film, etc.) by the CVD method, etching on the front face of a substrate, ashing 
clearance of the organic component on a substrate front face, oxidation treatment on the front 
face of a substrate, and cleaning of the organic substance on the front face of a substrate, 
various well-known gas can be chosen suitably and can be used. For example, what is necessary 
is just to introduce one or more kinds of well-known gas more than a total of 8.5 XI 0-2 Pa- 
m3/sec at least into a process. 

[0025] What is necessary is just to choose it from within the limits of -40 degrees C - 600 
degrees C suitably generally, although the support stage temperature of a substrate changes 
with each processes, such as etching and membrane formation. Especially the substrate made 
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into a processing object is not restricted, for example, not only a semi-conductor substrate but 
a glass substrate, a plastic plate, an AITiC substrate, etc. can be used for it. As a dielectric 
which constitutes the introductory aperture of microwave, a mechanical strength is enough, and 
especially if dielectric loss is a very small ingredient so that the permeability of microwave may 
become sufficiently high, it will not be restricted, for example, a quartz, an alumina (sapphire), 
alumimium nitride, silicon nitride, a carbon fluoride polymer, etc. can be used. 
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* NOTICES * 
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EXAMPLE 



[Example] Hereafter, the example of this invention is further explained to a detail with reference 
to a drawing. 

(Example 1) Kr/02 plasma is generated using the equipment of this invention shown in drawing 1 
and drawing 2 , and measurement of the thickness of the oxide film of the processing wafer after 
oxidizing a silicon substrate directly is explained. Oxidation treatment of a silicon substrate which 
first is performed using the equipment shown in drawing 1 is explained. After installing the 
dielectric window 104 in the introductory aperture of microwave and setting a silicon substrate 
1 13 in the vacuum processing container 101, microwave was outputted from the magnetron 106. 
the plasma was generated on condition that the following, and the thickness of the oxide film of 
the silicon substrate 1 1 3 after plasma oxidation was measured by the ellipsometer. 
[0027] As a dielectric window 104. the quartz plate (a dielectric constant 3.8. dielectric loss 
<1.0X10-4@2.45GH2) with a diameter [ of 380mm (vacuum-housing side: 350mm) ] and a 
thickness of 50mm was installed, microwave — frequency: — 2.45GHz — output: — it was 
referred to as 2.5kW (about 2.6W/cm 2), hot plate temperature was maintained at 400 degrees C, 
distance between the top face of a silicon substrate 113 and the underside of a dielectric 
window 104 (L1 1) was set to 60mm, and plasma treatment was performed, without impressing 
high frequency bias to the silicon substrate 1 13 on the substrate electrode 114. As gas for 
plasma excitation, 1.7X10-2 Pa-m3/sec supply of 0.5 Pa-m3/sec and 02 was carried out for Kr, 
by the pressure regulating valve 112, the pressure in the processing container 101 was adjusted 
to 133Pa, it discharged for 10 minutes, and plasma oxidation processing of a wafer was 
performed. Moreover, plasma treatment was performed on the same conditions as the above 
except having adjusted the pressure in the processing container 101 to 80Pa by the pressure 
regulating valve 112. 

[0028] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular mostly. The average thickness of the direction of a path is shown in 
drawing 3 . In the case of 80Pa. the periphery section on a substrate has thickness thicker than 
a center section, and drawing 3 shows that the oxidation rate of a center section is quicker in 
the case of 1 33Pa to a thing with a quick oxidation rate. 

[0029] Next, using the equipment shown in drawing 2 , on the same conditions as the case of the 
equipment shown in drawing 1 , plasma oxidation processing of the silicon substrate 213 was 
carried out, and the thickness of an oxide film (oxidation silicone film) was measured by the 
ellipsometer. Consequently, distribution of the thickness of the silicon oxide formed on the 
substrate became concentric circular with homogeneity mostly. The average thickness of the 
direction of a path is shown in drawing 4 . It turns out that that difference is small about this 
result although the oxidation rate of thickness distribution of the oxide film in 80Pa to the 
periphery section is still quicker than a center section as compared with drawing 3 , and 
distribution homogeneity is improved. Moreover, on the whole, the formation rate of an oxide film 
is quick. While the power of microwave comes to be efficiently supplied to the plasma by 
changing the configuration of a dielectric window from this, it turns out that distribution 
homogeneity is improving. Also in 1 33Pa, on the whole, the oxidation rate is quick, and it can say 
that it is the same as that of the case where it is 80Pa. 
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[0030] (Example 2) Kr/02 plasma is generated using the equipment shown in drawing 5 . and 
measurement of the thickness of the oxide film of the processing wafer after oxidizing a silicon 
substrate directly is explained. On the same conditions as the case of the equipment shown in 
drawing 1 indicated in the example 1, plasma oxidation processing of the silicon substrate 513 
was carried out, and the thickness of an oxide film was measured by the ellipsometer 
[0031] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular with homogeneity mostly. The average thickness of the direction of a 
path is shown in drawing 7 . This result is known by that the oxidation rate is [ the center 
section ] quick rather than the periphery section at the case of thickness distribution of the 
oxide film in 80Pa to drawing 3 , and reverse as compared with drawing 3 . This is because the 
consistency of the plasma to which the radius of a silicon substrate reaches a substrate in the 
range from 0mm to 30mm since the distance (L52) to a dielectric window (plasma production 
field) is short is higher than other range (distance: L51). Therefore, the distribution homogeneity 
of thickness is improvable by the membrane formation rate in the field rising by bringing the 
distance from the dielectric window underside by the side of a vacuum to a substrate close for 
every field, and adjusting the distance. 

[0032] (Example 3) Kr/02 plasma is generated using the equipment shown in drawing 6 . and 
measurement of the thickness of the oxide film of the processing wafer after oxidizing a silicon 
substrate directly is explained. On the same conditions as the case of the equipment shown in 
drawing 1 indicated in the example 1, plasma oxidation processing of the silicon substrate 613 
was carried out, and the thickness of an oxide film was measured by the ellipsometer. 
[0033] Consequently, distribution of the thickness of the silicon oxide formed on the substrate 
became concentric circular with homogeneity mostly. The average thickness of the direction of a 
path is shown in drawing 8 . It turns out that it is improved in the direction in which the oxidation 
rate of a center section rises, and homogeneity is going up this result from thickness distribution 
of the oxide film in SOPa as compared with drawing 3 . On the other hand, it is improved in the 
direction in which the oxidation rate of the periphery section rises conversely in 1 33Pa, and 
homogeneity is going up. Apparently, although this is contradictory to the result of the above- 
mentioned example, even if the dielectric window 104 ( drawing 1 ) of a flat-surface configuration 
is used for it in 133Pa high voltage conditions, it has the inclination which the plasma 
concentrates on a center section. However, like the result in an example 2. since it is far 5mm 
compared with the field (distance: L61) of others [ center section / substrate / distance / 
(L62) / to a dielectric window (plasma production field) ], it becomes thinner than the range of 
others [ consistency / of the plasma which reaches a substrate ], and it is thought that 
distribution has been improved. On the contrary, although the plasma tends to spread in the low 
voltage of BOPa since the plasma consistency is thin, the plasma production in a field concave by 
making into a concave a part of field which a surface wave generates increases, and it thinks 
because the stability coupled modes of microwave stopped being influenced easily due to the 
flow and pressure requirement Therefore, the breadth of the plasma was stopped, and near 
distribution came to be acquired when it is high voltage conditions. 

[0034] As mentioned above, by performing concavo-convex processing to both sides of a 
dielectric window for every field, the power of microwave was intentionally centralized on this 
field, and generation of the homogeneous good plasma with little [ and ] pressure dependence 
was attained. Although plasma oxidation processing of the silicon substrate was carried out and 
the oxide film was formed in the above-mentioned example using drawing 1 and the microwave 
plasma treatment equipment shown in 2. 5, and 6. processes, such as an improvement and 
refining of membrane formation, etching, and a film presentation, and ashing, were able to be 
performed to the substrate which is a processed material in semi-conductor LSI production 
using well-known thin film formation gas, an etchant gas, ashing gas. etc. using the same plasma 
treatment equipment. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical sectional view showing the configuration of the outline of the microwave 
plasma treatment equipment concerning the first operation gestalt of this invention. 
[Drawing 2] The typical sectional view showing the configuration of the outline of the microwave 
plasma treatment equipment concerning the second operation gestalt of this invention. 
[Drawing 3] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 1 . 

[Drawing 4] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 2 . 

[Drawing 5] The typical sectional view showing the configuration of the outline of the microwave 
plasma treatment equipment concerning the third operation gestalt of this invention. 
[Drawing 6] The typical sectional view showing the configuration of the outline of the microwave 
plasma treatment equipment concerning the fourth operation gestalt of this invention. 
[Drawing 7] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 5 . 

[Drawing 8] The graph which shows the average thickness of the direction of a path about the 
silicon oxide formed using the equipment shown in drawing 6 . 
[Description of Notations] 

101 Plasma Treatment Container 102 Coaxial Waveguide Converter and Antenna 

1 03 Slot 1 04 Dielectric Plate 

105 Plasma 106 Magnetron 

107 Isolator 108 4E Tuner 

109 Waveguide 110 Gas Supply Means 

1 1 1 Exhaust Air Pump 112 Pressure Regulating Valve 

113 Substrate 114 Substrate Electrode 

1 1 5 RF Generator for Substrate Electrodes 1 1 6 Adjustment Machine for Substrate Electrodes 
1 1 7 Sleeve 204 Dielectric Plate 

213 Substrate L21 Distance between Dielectric Plate-Substrates 
Dw Substrate range D2 Dielectric plate thickness modification range 
504 Dielectric Plate 513 Substrate 

L51 Distance between dielectric plate-substrates L52 Distance between dielectric plate- 
substrates (thickness modification section) D5 Dielectric plate thickness modification range 
604 Dielectric Plate 613 Substrate 

L61 Distance between dielectric plate-substrates L62 Distance between dielectric plate- 
substrates (configuration modification section) D6 dielectric thickness modification range 
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DRAWINGS 




[Drawing 3] 
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[Drawing 6] 
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[Drawing 7] 
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